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GOLF CLUB

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/401,690, filed Feb. 21, 2013, which is a
continuation of U.S. patent application Ser. No. 13/010,579,
filed Jan. 20, 2011, now U.S. Pat. No. 8,118,689, which is a
continuation of U.S. patent application Ser. No. 12/781,727,
filed May 17, 2010, now U.S. Pat. No. 7,887,434, which is a
continuation of U.S. patent application Ser. No. 12/011,211,
filed Jan. 23, 2008, now U.S. Pat. No. 7,753,806, which
claims the benefit of provisional U.S. Patent Application No.
61/009,743, filed Dec. 31, 2007. These prior related applica-
tions are incorporated herein by reference.

FIELD

The present application concerns golf club heads, and more
particularly, golf club heads having unique relationships
between the club head’s mass moments of inertia and center-
of-gravity position.

BACKGROUND

Center-of-gravity (CG) and mass moments of inertia criti-
cally affect a golf club head’s performance, such as launch
angle and flight trajectory on impact with a golf ball, among
other characteristics.

A mass moment of inertia is a measure of a club head’s
resistance to twisting about the golf club head’s center-of-
gravity, for example on impact with a golf ball. In general, a
moment of inertia of a mass about a given axis is proportional
to the square of the distance of the mass away from the axis.
In other words, increasing distance of a mass from a given
axis results in an increased moment of inertia of the mass
about that axis. Higher golf club head moments of inertia
result in lower golf club head rotation on impact with a golf
ball, particularly on “off-center” impacts with a golfball, e.g.,
mis-hits. Lower rotation in response to a mis-hit results in a
player’s perception that the club head is forgiving. Generally,
one measure of “forgiveness” can be defined as the ability of
a golf club head to reduce the effects of mis-hits on flight
trajectory and shot distance, e.g., hits resulting from striking
the golf ball at a less than ideal impact location on the golf
club head. Greater forgiveness of the golf club head generally
equates to a higher probability of hitting a straight golf shot.
Moreover, higher moments of inertia typically result in
greater ball speed on impact with the golf club head, which
can translate to increased golf shot distance.

Most fairway wood club heads are intended to hit the ball
directly from the ground, e.g., the fairway, although many
golfers also use fairway woods to hita ball from atee. Accord-
ingly, fairway woods are subject to certain design constraints
to maintain playability. For example, compared to typical
drivers, which are usually designed to hit balls from a tee,
fairway woods often have a relatively shallow head height,
providing a low center of gravity and a smaller top view
profile for reducing contact with the ground. Such fairway
woods inspire confidence in golfers for hitting from the
ground. Also, fairway woods typically have a higher loft than
most drivers, although some drivers and fairway woods share
similar lofts. For example, most fairway woods have a loft
greater than or equal to about 13 degrees, and most drivers
have a loft between about 7 degrees and about 15 degrees.
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Faced with constraints such as those just described, golf
club manufacturers often must choose to improve one perfor-
mance characteristic at the expense of another. For example,
some conventional golf club heads offer increased moments
of inertia to promote forgiveness while at the same time
incurring a higher than desired CG-position and increased
club head height. Club heads with high CG and/or large
height might perform well when striking a ball positioned on
atee, such is the case with a driver, but not when hitting from
the turf. Thus, conventional golf club heads that offer
increased moments of inertia for forgiveness often do not
perform well as a fairway wood club head.

Although traditional fairway wood club heads generally
have a low CG, such clubs usually also suffer from corre-
spondingly low mass moments of inertia. In part due to their
low CG, traditional fairway wood club heads offer acceptable
launch angle and flight trajectory when the club head strikes
the ball at or near the ideal impact location on the ball striking
face. But because of their low mass moments of inertia,
traditional fairway wood club heads are less forgiving than
club heads with high moments of inertia, which heretofore
have been drivers. As already noted, conventional golf club
heads that have increased mass moments of inertia, and thus
are more forgiving, have been ill-suited for use as fairway
woods because of their high CG.

Accordingly, to date, golf club designers and manufactur-
ers have not offered golf club heads with high moments of
inertia for improved forgiveness and low center-of-gravity for
playing a ball positioned on turf.

SUMMARY

This application discloses, among other innovations, fair-
way wood-type golf club heads that provide improved for-
giveness and playability.

The following describes golf club heads that include a body
defining an interior cavity, a sole portion positioned at a
bottom portion of the golf club head, a crown portion posi-
tioned at a top portion, and a skirt portion positioned around
a periphery between the sole and crown. The body also has a
forward portion and a rearward portion and a maximum
above ground height.

Golf club heads according to a first aspect have a body
height less than about 46 mm and a crown thickness less than
about 0.65 mm throughout more than about 70% of the
crown. The above ground center-of-gravity location, Zup, is
less than about 19 mm and a moment of inertia about a
center-of-gravity z-axis, 1, is greater than about 300 kg-
mm?>.

Some club heads according to the first aspect provide an
above ground center-of-gravity location, Zup, less than about
16 mm. Some have a loft angle greater than about 13 degrees.
A moment of inertia about a golf club head center-of-gravity
x-axis, I, can be greater than about 170 kg-mm?. A golf club
head volume can be less than about 240 cm>. A front to back
depth (D_,,) of'the club head can be greater than about 85 mm.

Golf club heads according to a second aspect have a body
height less than about 46 mm and the face has a loft angle
greater than about 13 degrees. An above ground center-of-
gravity location, Zup, is less than about 19 mm, and satisfies,
together with a moment of inertia about a center-of-gravity
z-axis, 1, the relationship I,_,=13-Zup+105.

According to the second aspect, the above ground center-
of-gravity location, Zup, can be less than about 16 mm. The
volume of the golf club head can be less than about 240 cm®.
A front to back depth (D) of the club head can be greater
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than about 85 mm. The crown can have a thickness less than
about 0.65 mm over at least about 70% of the crown.

According to a third aspect, the crown has a thickness less
than about 0.65 mm for at least about 70% of the crown, the
golf club head has a front to back depth (D,_,) greater than
about 85 mm, and an above ground center-of-gravity loca-
tion, Zup, is less than about 19 mm. A moment of inertia about
a center-of-gravity z-axis, I_, specified in units of kg-mm?, a
moment of inertia about a center-of-gravity x-axis, I_, speci-
fied in units of kg-mm?®, and, the above ground center-of-
gravity location, Zup, specified in units of millimeters,
together satisfy the relationship I_+1__=20-Zup+165.

In some instances, the above ground center-of-gravity
above ground location, Zup, and the moment of inertia about
the center-of-gravity z-axis, I, specified in units of kg-mm?,
together satisfy the relationship 1 =13-Zup+105. In some
embodiments, the moment of inertia about the center-of-
gravity z-axis, I, exceeds one or more of 300 kg-mm?, 320
kg-mm?, 340 kg-mm?, and 360 kg-mm?* The moment of iner-
tia about the center-of-gravity x-axis, I, can exceed one or
more of 150 kg-mm?, 170 kg-mm?, and 190 kg-mm?.

Some golf club heads according to the third aspect also
include one or more weight ports formed in the body and at
least one weight configured to be retained at least partially
within one of the one or more weight ports. The face can have
a loft angle in excess of about 13 degrees. The golf club head
can have a volume less than about 240 cm’. The body can be
substantially formed from a steel alloy, a titanium alloy, a
graphitic composite, and/or a combination thereof. In some
instances, the body is substantially formed as an investment
casting. In some instances, the maximum height is less than
one or more of about 46 mm, about 42 mm, and about 38 mm.

In golf club heads according to a fourth aspect, the crown
has a thickness less than about 0.65 mm for at least about 70%
ofthe crown, a front to back depth (D_,,) is greater than about
85 mm, and an above ground center-of-gravity location, Zup,
is less than about 19 mm. In addition, a moment of inertia
about a center-of-gravity x-axis, [, specified in units of
kg-mm?, and the above ground center-of-gravity location,
Zup, specified in units of millimeters, together satisfy the
relationship I,_=7-Zup+60.

In some instances, the above ground center-of-gravity
location, Zup, and the moment of inertia about the center-of-
gravity z-axis, I, specified in units of kg-mm?, together
satisfy the relationship 1_=13-Zup+105.

The moment of inertia about the center-of-gravity z-axis,
I, can exceed one or more of 300 kg-mm?, 320 kg-mm?, 340
kg-mm?, and 360 kg-mm?* The moment of inertia about the
center-of-gravity x-axis, I, can exceed one or more of 150
kg-mm?, 170 kg-mm?, and 190 kg-mm?>.

Some embodiments according to the fourth aspect also
include one or more weight ports formed in the body and at
least one weight configured to be retained at least partially
within one of the one or more weight ports.

According to the fourth aspect, the face can have a loft
angle in excess of about 13 degrees. The golf club head can
have a volume less than about 240 cm’. The body can be
substantially formed from a selected material from a steel
alloy, a titanium alloy, a graphitic composite, and/or a com-
bination thereof. In some instances, the body is substantially
formed as an investment casting. The maximum height of
some club heads according to the fourth aspect is less than one
or more of about 46 mm, about 42 mm, and about 38 mm.

The foregoing and other features and advantages of the golf
club head will become more apparent from the following
detailed description, which proceeds with reference to the
accompanying figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is atop plan view of one embodiment of a golf club
head.

FIG. 2 is a side elevation view from a toe side of the golf
club head of FIG. 1.

FIG. 3 is a front elevation view of the golf club head of FIG.
1.

FIG. 4 is a bottom perspective view of the golf club head of
FIG. 1.

FIG. 5 is a cross-sectional view of the golf club head of
FIG. 1 taken along line 5-5 of FIG. 2 and showing internal
features of the embodiment of FIG. 1.

FIG. 6 is a top plan view of the golf club head of FIG. 1,
similar to FIG. 1, showing a golf club head origin system and
a center-of-gravity coordinate system.

FIG. 7 is a side elevation view from the toe side of the golf
club head of FIG. 1 showing the golf club head origin system
and the center-of-gravity coordinate system.

FIG. 8 is a front elevation view of the golf club head of FIG.
1, similar to FIG. 3, showing the golf club head origin system
and the center-of-gravity coordinate system.

FIG. 9 is a cross-sectional view of the golf club head of
FIG. 1 taken along line 9-9 of FIG. 3 showing internal features
of'the golf club head.

FIG. 10 is a flowchart of an investment casting process for
club heads made of an alloy of steel.

FIG. 11 is a flowchart of an investment casting process for
club heads made of an alloy of titanium.

DETAILED DESCRIPTION

The following describes embodiments of golf club heads
for fairway woods that incorporate increased moments of
inertia and low centers of gravity relative to fairway wood
golf club heads that have come before.

The following makes reference to the accompanying draw-
ings which form a part hereof, wherein like numerals desig-
nate like parts throughout. The drawings illustrate specific
embodiments, but other embodiments may be formed and
structural changes may be made without departing from the
intended scope of this disclosure. Directions and references
(e.g., up, down, top, bottom, left, right, rearward, forward,
heelward, etc.) may be used to facilitate discussion of the
drawings but are not intended to be limiting. For example,
certain terms may be used such as “up,” “down,”, “upper,”
“lower,” “horizontal,” “vertical,” “left,” “right,” and the like.
These terms are used, where applicable, to provide some
clarity of description when dealing with relative relation-
ships, particularly with respect to the illustrated embodi-
ments. Such terms are not, however, intended to imply abso-
Iute relationships, positions, and/or orientations. For
example, with respect to an object, an “upper” surface can
become a “lower” surface simply by turning the object over.
Nevertheless, it is still the same object.

Accordingly, the following detailed description shall not to
be construed in a limiting sense and the scope of property
rights sought shall be defined by the appended claims and
their equivalents.

Normal Address Position

Club heads and many of their physical characteristics dis-
closed herein will be described using “normal address posi-
tion” as the club head reference position, unless otherwise
indicated.

FIGS. 1-3 illustrate one embodiment of a fairway wood
type golf club head at normal address position. FIG. 1 illus-
trates a top plan view of the club head 2, FIG. 2 illustrates a
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front elevation view of clubhead 2 and FIG. 3 illustrates a side
elevation view from the toe side. By way of preliminary
description, the club head 2 includes a hosel 20 and a ball
striking club face 18. At normal address position, the club
head 2 rests on the ground plane 17, a plane parallel to the
ground.

As used herein, “normal address position” means the club
head position wherein a vector normal to the club face 18
substantially lies in a first vertical plane (i.e., a vertical plane
is perpendicular to the ground plane 17), the centerline axis
21 of the club shaft substantially lies in a second vertical
plane, and the first vertical plane and the second vertical plane
substantially perpendicularly intersect.

Club Head

A fairway wood-type golf club head, such as the golf club
head 2, includes a hollow body 10 defining a crown portion
12, a sole portion 14 and a skirt portion 16. A striking face, or
face portion, 18 attaches to the body 10. The body 10 can
include a hosel 20, which defines a hosel bore 24 adapted to
receive a golf club shaft. The body 10 further includes a heel
portion 26, a toe portion 28, a front portion 30, and a rear
portion 32.

The club head 2 also has a volume, typically measured in
cubic-centimeters (cm®), equal to the volumetric displace-
ment of the club head 2, assuming any apertures are sealed by
a substantially planar surface. In some implementations, the
golf club head 2 has a volume between approximately 120
cm® and approximately 240 cm?, and a total mass between
approximately 185 g and approximately 245 g. In a specific
implementation, the golf club head 2 has a volume of approxi-
mately 181 cm® and a total mass of approximately 216 g.

Asusedherein, “crown” means an upper portion of the club
head above a peripheral outline 34 of the club head as viewed
from a top-down direction and rearward of the topmost por-
tion of a ball striking surface 22 of the striking face 18 (see
e.g., FIGS. 1-2). FIG. 9 illustrates a cross-sectional view of
the golf club head of FIG. 1 taken along line 9-9 of FIG. 3
showing internal features of the golf club head. Particularly,
the crown 12 ranges in thickness from about 0.76 mm at the
front crown 901, near the club face 18, to about 0.60 mm at the
back crown 905, a portion of the crown near the rear of the
club head 2.

As used herein, “sole” means a lower portion of the club
head 2 extending upwards from a lowest point of the club
head when the club head is at normal address position. In
some implementations, the sole 14 extends approximately
50% to 60% of the distance from the lowest point of the club
head to the crown 12, which in some instances, can be
approximately 10 mm and 12 mm for a fairway wood. For
example, FIG. 5 illustrates a sole blend zone 504 that transi-
tions from the sole 14 to the front sole 506. In the illustrated
embodiment, the front sole dimension 508 extends about 15
mm rearward of the club face 18.

In other implementations, the sole 14 extends upwardly
from the lowest point of the golf club head 10 a shorter
distance than the sole 14 of golf club head 2. For example, in
some implementations, the sole 14 extends upwardly
approximately 50% to 60% of the distance from the lowest
point of the club head 10 to the crown 12, which in some
instances, can be between approximately 10 mm and approxi-
mately 12 mm for a fairway wood. Further, the sole 14 can
define a substantially flat portion extending substantially
horizontally relative to the ground 17 when in normal address
position. In some implementations, the bottommost portion
of'the sole 14 extends substantially parallel to the ground 17
between approximately 5% and approximately 70% of the
depth (D_;,) of the golf club head 10.
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As used herein, “skirt” means a side portion of the club
head 2 between the crown 12 and the sole 14 that extends
across a periphery 34 of the club head, excluding the striking
surface 22, from the toe portion 28, around the rear portion 32,
to the heel portion 26.

Asused herein, “striking surface” means a front or external
surface of the striking face 18 configured to impact a golfball
(not shown). In several embodiments, the striking face or face
portion 18 can be a striking plate attached to the body 10 using
conventional attachment techniques, such as welding, as will
be described in more detail below. In some embodiments, the
striking surface 22 can have a bulge and roll curvature. For
example, referring to FIGS. 1 and 2, the striking surface 22
can have a bulge and roll each with a radius of approximately
254 mm. As illustrated by FIG. 9, the face thickness 907 for
the illustrated embodiment is about 2.0 mm.

The body 10 can be made from a metal alloy (e.g., an alloy
oftitanium, an alloy of steel, an alloy of aluminum, and/or an
alloy of magnesium), a composite material, such as a gra-
phitic composite, a ceramic material, or any combination
thereof. The crown 12, sole 14, and skirt 16 can be integrally
formed using techniques such as molding, cold forming, cast-
ing, and/or forging and the striking face 18 can be attached to
the crown, sole and skirt by known means.

For example, the striking face 18 can be attached to the
body 10 as described in U.S. Patent Application Publication
Nos. 2005/0239575 and 2004/0235584.

Referring to FIGS. 7 and 8, the ideal impact location 23 of
the golf club head 2 is disposed at the geometric center of the
striking surface 22 (see FIG. 4). The ideal impact location 23
is typically defined as the intersection of the midpoints of a
height (H,,) and a width (W) of the striking surface 22. Both
H,, and W are determined using the striking face curve (S,).
The striking face curve is bounded on its periphery by all
points where the face transitions from a substantially uniform
bulge radius (face heel-to-toe radius of curvature) and a sub-
stantially uniform roll radius (face crown-to-sole radius of
curvature) to the body (see e.g., FIG. 8). In the illustrated
example, H,, is the distance from the periphery proximate to
the sole portion of S, to the perhiphery proximate to the
crown portion of S measured in a vertical plane (perpen-
dicular to ground) that extends through the geometric center
of the face (e.g., this plane is substantially normal to the
x-axis). Similarly, W, is the distance from the periphery
proximate to the heel portion of S to the periphery proximate
to the toe portion of S_ measured in a horizontal plane (e.g.,
substantially parallel to ground) that extends through the
geometric center of the face (e.g., this plane is substantially
normal to the z-axis). See USGA “Procedure for Measuring
the Flexibility of a Golf Clubhead,” Revision 2.0 for the
methodology to measure the geometric center of the striking
face. In some implementations, the golf club head face, or
striking surface, 22, has a height (H_ ) between approxi-
mately 20 mm and approximately 40 mm, and a width (W)
between approximately 60 mm and approximately 100 mm.
In one specific implementation, the striking surface 22 has a
height (H,,) of approximately 26 mm, width (W) of approxi-
mately 71 mm, and total striking surface area of approxi-
mately 2050 mm?.

In some embodiments, the striking face 18 is made of a
composite material such as described in U.S. Patent Applica-
tion Publication Nos. 2005/0239575 and 2004/0235584, U.S.
patent application Ser. No. 11/642,310, and U.S. Provisional
Patent Application No. 60/877,336, which are incorporated
herein by reference. In other embodiments, the striking face
18 is made from a metal alloy (e.g., an alloy of titanium, steel,
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aluminum, and/or magnesium), ceramic material, or a com-
bination of composite, metal alloy, and/or ceramic materials.

When at normal address position, the club head 2 is dis-
posed at alie-angle 19 relative to the club shaft axis 21 and the
club face has a loft angle 15 (FIG. 2). Referring to FIG. 3,
lie-angle 19 refers to the angle between the centerline axis 21
of the club shaft and the ground plane 17 at normal address
position. Lie angle for a fairway wood typically ranges from
about 54 degrees to about 62 degrees, most typically about 56
degrees to about 60 degrees. Referring to FIG. 2, loft-angle 15
refers to the angle between a tangent line 27 to the club face
18 and a vector normal to the ground plane 29 at normal
address position. Loft angle for a fairway wood is typically
greater than about 13 degrees. For example, loft for a fairway
wood typically ranges from about 13 degrees to about 28
degrees, and more preferably from about 13 degrees to about
22 degrees.

Golf Club Head Coordinates

Referring to FIGS. 6-8, a club head origin coordinate sys-
tem can be defined such that the location of various features of
the club head (including, e.g., a club head center-of-gravity
(CG) 50) can be determined. A club head origin 60 is illus-
trated on the club head 2 positioned at the ideal impact loca-
tion 23, or geometric center, of the striking surface 22.

The head origin coordinate system defined with respect to
the head origin 60 includes three axes: a z-axis 65 extending
through the head origin 60 in a generally vertical direction
relative to the ground 17 when the club head 2 is at normal
address position; an x-axis 70 extending through the head
origin 60 in a toe-to-heel direction generally parallel to the
striking surface 22, e.g., generally tangential to the striking
surface 22 at the ideal impact location 23, and generally
perpendicular to the z-axis 65; and a y-axis 75 extending
through the head origin 60 in a front-to-back direction and
generally perpendicular to the x-axis 70 and to the z-axis 65.
The x-axis 70 and the y-axis 75 both extend in generally
horizontal directions relative to the ground 17 when the club
head 2 is at normal address position. The x-axis 70 extends in
a positive direction from the origin 60 to the heel 26 of the
club head 2. The y-axis 75 extends in a positive direction from
the origin 60 towards the rear portion 32 of the club head 2.
The z-axis 65 extends in a positive direction from the origin
60 towards the crown 12.

An alternative, above ground, club head coordinate system
places the origin 60 at the intersection of the z-axis 65 and the
ground plane 17, providing positive z-axis coordinates for
every club head feature.

Asused herein, “Zup” means the CG z-axis location deter-
mined according to the above ground coordinate system. Zup
generally refers to the height of the CG 50 above the ground
plane 17.

In one embodiment, the golf club head can have a CG with
an x-axis coordinate between approximately —-2.0 mm and
approximately 6.0 mm, a y-axis coordinate between approxi-
mately 20 mm and approximately 40 mm, a z-axis coordinate
between approximately 0.0 mm and approximately —6.0 mm.
In certain embodiments, a z-axis coordinate between about
0.0 mm and about -6.0 mm provides a Zup value of between
approximately 10 mm and 16 mm. Referring to FIG. 1, in one
specific implementation, the CG x-axis coordinate is approxi-
mately 2.5 mm, the CG y-axis coordinate is approximately 32
mm, the CG z-axis coordinate is approximately -3.5 mm,
providing a Zup value of approximately 15 mm.

Another alternative coordinate system uses the club head
center-of-gravity (CG) 50 as the origin when the club head 2
is at normal address position. Each center-of-gravity axis
passes through the CG 50. For example, the CG x-axis 90

40

45

8

passes through the center-of-gravity 50 substantially parallel
to the ground plane 17 and generally parallel to the origin
x-axis 70 when the club head is at normal address position.
Similarly, the CG y-axis 95 passes through the center-of-
gravity 50 substantially parallel to the ground plane 17 and
generally parallel to the origin y-axis 75, and the CG z-axis 85
passes through the center-of-gravity 50 substantially perpen-
dicular to the ground plane 17 and generally parallel to the
origin z-axis 65 when the club head is at normal address
position.
Mass Moments of Inertia

Referring to FIGS. 6-8, golf club head moments of inertia
are typically defined about the three CG axes that extend
through the golf club head center-of-gravity 50.

For example, a moment of inertia about the golf club head
CG z-axis 85 can be calculated by the following equation

LA )dm @

where x is the distance from a golf club head CG yz-plane to
an infinitesimal mass, dm, and y is the distance from the golf
clubhead CG xz-plane to the infinitesimal mass, dm. The golf
clubhead CG yz-plane is a plane defined by the golf club head
CG y-axis 95 and the golf club head CG z-axis 85.

The moment of inertia about the CG z-axis (Izz) is an
indication of the ability of a golf club head to resist twisting
about the CG z-axis. Greater moments of inertia about the CG
z-axis (Izz) provide the golf club head 2 with greater forgive-
ness on toe-ward or heel-ward off-center impacts with a golf
ball. In other words, a golf ball hit by a golf club head on a
location of the striking surface 18 between the toe 28 and the
ideal impact location 23 tends to cause the golf club head to
twist rearwardly and the golf ball to draw (e.g., to have a
curving trajectory from right-to-left for a right-handed
swing). Similarly, a golf ball hit by a golf club head on a
location of the striking surface 18 between the heel 26 and the
ideal impact location 23 causes the golf club head to twist
forwardly and the golf ball to slice (e.g., to have a curving
trajectory from left-to-right for a right-handed swing).
Increasing the moment of inertia about the CG z-axis (Izz)
reduces forward or rearward twisting of the golf club head,
reducing the negative effects of heel or toe mis-hits.

A moment of inertia about the golf club head CG x-axis 90
can be calculated by the following equation

I_=[(02+2%)dm 1)

where y is the distance from a golf club head CG xz-plane to
an infinitesimal mass, dm, and z is the distance from a golf
clubhead CG xy-plane to the infinitesimal mass, dm. The golf
clubhead CG xz-plane is a plane defined by the golf club head
CG x-axis 90 and the golf club head CG z-axis 85. The CG
xy-plane is a plane defined by the golf club head CG x-axis 90
and the golf club head CG y-axis 95.

As the moment of inertia about the CG z-axis (Izz) is an
indication of the ability of a golf club head to resist twisting
about the CG z-axis, the moment of inertia about the CG
x-axis (Ixx) is an indication of the ability of the golf club head
to resist twisting about the CG x-axis. Greater moments of
inertia about the CG x-axis (Ixx) improve the forgiveness of
the golf club head 2 on high and low off-center impacts with
a golf ball. In other words, a golf ball hit by a golf club head
on a location of'the striking surface 18 above the ideal impact
location 23 causes the golf club head to twist upwardly and
the golf ball to have a higher trajectory than desired. Simi-
larly, a golf ball hit by a golf club head on a location of the
striking surface 18 below the ideal impact location 23 causes
the golf club head to twist downwardly and the golf ball to
have a lower trajectory than desired. Increasing the moment
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of inertia about the CG x-axis (Ixx) reduces upward and
downward twisting of the golf club head 2, reducing the
negative effects of high and low mis-hits.

Discretionary Mass

Desired club head mass moments of inertia can be attained
by distributing club head mass to particular locations. Dis-
cretionary mass generally refers to the mass of material that
can be removed from various structures providing mass that
can be distributed elsewhere for tuning one or more mass
moments of inertia and/or locating the club head center-of-
gravity.

Club head walls provide one source of discretionary mass.
In other words, a reduction in wall thickness reduces the wall
mass and provides mass that can be distributed elsewhere. For
example, in some implementations, one or more walls of the
club head can have a thickness less than approximately 0.7
mm, such as between about 0.55 mm and about 0.65 mm. In
some embodiments, the crown 12 can have a thickness of
approximately 0.65 mm throughout more than about 70% of
the crown. See for example FIG. 9, which illustrates a back
crown thickness 907 of about 0.60 mm and a front crown
thickness 901 of about 0.76 mm. In addition, the skirt 16 can
have a similar thickness and the wall of the sole 14 can have
a thickness of approximately 1.0 mm. In contrast, conven-
tional club heads have wall thicknesses in excess of about
0.75 mm, and some in excess of about 0.85 mm.

Thin walls, particularly a thin crown 12, provide significant
discretionary mass compared to conventional club heads. For
example, a club head 2 made from an alloy of steel can
achieve about 4 grams of discretionary mass for each 0.1 mm
reduction in average crown thickness. Similarly, a club head
2 made from an alloy of titanium can achieve about 2.5 grams
of discretionary mass for each 0.1 mm reduction in average
crown thickness. Discretionary mass achieved using a thin
crown 12, e.g., less than about 0.65 mm, can be used to tune
one or more mass moments of inertia and/or center-of-gravity
location.

For example, FIG. 5 illustrates a cross-section of the club
head 2 of FIG. 1 along line 5-5 of FIG. 2. In addition to
providing a weight port 40 for adjusting the club head mass
distribution, the club head 2 provides a mass pad 502 located
rearward in the club head 2.

To achieve a thin wall on the club head body 10, such as a
thin crown 12, a club head body 10 can be formed from an
alloy of steel or an alloy of titanium. Thin wall investment
casting, such as gravity casting in air for alloys of steel (FIG.
10) and centrifugal casting in a vacuum chamber for alloys of
titanium (FIG. 11), provides one method of manufacturing a
club head body with one or more thin walls.

Referring to FIG. 10, a thin crown made of a steel alloy, for
example between about 0.55 mm and about 0.65 mm, can be
attained by heating a molten steel (902) to between about
2520 degrees Fahrenheit and about about 2780 degrees Fahr-
enheit, such as about 2580 degrees. In addition, the casting
mold can be heated (904) to between about 660 degrees and
about 1020 degrees, such as about 830 degrees. The molten
steel can be cast in the mold (906) and subsequently cooled
and/or heat treated (908). The cast steel body 10 can be
extracted from the mold (910) prior to applying any second-
ary machining operations or attaching a striking face 18.

Alternatively, a thin crown made from an alloy of titanium.
In some embodiments of a titanium casting process, modify-
ing the gating provides improved flow of molten titanium,
aiding in casting thin crowns. For further details concerning
titanium casting, please refer to U.S. patent application Ser.
No. 11/648,013, incorporated herein by reference. In addi-
tion, the casting mold can be heated (1006) to between about
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620 degrees Fahrenheit and about 930 degrees, such as about
720 degrees. The casting can be rotated in a centrifuge (1004)
at a rotational speed between about 200 RPM and about 800
RPM, such as about 500 RPM. Molten titanium can be heated
(1002) to between about 3000 degrees Fahrenheit and about
3750 degrees Fahrenheit, such as between about 3025
degrees Fahrenheit and about 3075 degrees Fahrenheit. Mol-
ten titanium can be cast in the mold (1010) and the cast body
can be cooled and/or heat treated (1012). The cast titanium
body 10 can be extracted from the mold (1014) prior to
applying secondary machining operations or attaching the
striking face.

Weights and Weight Ports

Various approaches can be used for positioning discretion-
ary mass within a golf club head. For example, many club
heads have integral sole weight pads cast into the head at
predetermined locations that can be used to lower the club
head’s center-of-gravity. Also, epoxy can be added to the
interior of the club head through the club head’s hosel open-
ing to obtain a desired weight distribution. Alternatively,
weights formed of high-density materials can be attached to
the sole, skirt, and other parts of a club head. With such
methods of distributing the discretionary mass, installation is
critical because the club head endures significant loads during
impact with a golf ball that can dislodge the weight. Accord-
ingly, such weights are usually permanently attached to the
club head and are limited to a fixed total mass, which of
course, permanently fixes the club head’s center-of-gravity
and moments of inertia.

Alternatively, the golf club head 2 can define one or more
weight ports 40 formed in the body 10 that are configured to
receive one or more weights. For example, one or more
weight ports can be disposed in the crown 12, skirt 16 and/or
sole 14. The weight port 40 can have any of a number of
various configurations to receive and retain any of a number
of weights or weight assemblies, such as described in U.S.
patent application Ser. Nos. 11/066,720 and 11/065,772,
which are incorporated herein by reference. For example,
FIG. 9 illustrates a cross-sectional view that shows one
example of the weight port 40 removably engageable with the
sole 14. The illustrated weight port 40 defines internal threads
46 that correspond to external threads formed on the weight
80. Weights and/or weight assemblies configured for weight
ports in the sole can vary in mass from about 0.5 grams to
about 10 grams.

Inclusion of one or more weights in the weight port(s) 40
provides a customizable club head mass distribution, and
corresponding mass moments of inertia and center-of-gravity
50 locations. Adjusting the location of the weight port(s) 40
and the mass of the weights and/or weight assemblies pro-
vides various possible locations of center-of-gravity 50 and
various possible mass moments of inertia using the same club
head 2.

As discussed in more detail below, a playable fairway
wood club head can have a low, rearward center-of-gravity.
Placing a weight port rearward in the sole helps desirably
locate the center-of-gravity. Although other methods (e.g.,
using internal weights attached using epoxy or hot-melt glue)
of adjusting the center-of-gravity can be used, use of a weight
port reduces undesirable effects on the audible tone emitted
during impact with a golf ball.

Club Head Height and Length

In addition to redistributing mass within a particular club
head envelope as discussed immediately above, the club head
center-of-gravity location 50 can also be tuned by modifying
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the club head external envelope. For example, the club head
body 10 can be extended rearwardly, and the overall height
can be reduced.

Referring now to FIG. 8, the club head 2 has a maximum
club head height (H_,) defined as the maximum above ground
z-axis coordinate of the outer surface of the crown 12. Simi-
larly, a maximum club head width (W ;) can be defined as the
distance between the maximum extents of the heel and toe
portions 26, 28 of the body measured along an axis parallel to
the x-axis when the club head 2 is at normal address position
and a maximum club head depth (D_,,), or length, defined as
the distance between the forwardmost and rearwardmost
points on the surface of the body 10 measured along an axis
parallel to the y-axis when the club head 2 is at normal address
position. Generally, the height and width of club head 2
should be measured according to the USGA “Procedure for
Measuring the Clubhead Size of Wood Clubs” Revision 1.0.

In some embodiments, the fairway wood golf club head 2
has a height (H_,) less than approximately 50 mm. In some
embodiments, the club head 2 has a height (H_,) less than
about 35 mm. For example, some implementations of the golf
club head 2 have a height (H_,) less than about 38 mm. In
other implementations, the golf club head 2 has a height (H_,,)
less than about 42 mm. Still other implementations of the golf
club head 2 have a height (H_;,) less than about 46 mm.

Some examples of the golf club head 2 have a depth (D_,,)
greater than approximately 75 mm. For example, as discussed
in more detail below, the golf club head 2 can have a depth
(D) greater than about 85 mm.

Forgiveness of Fairway Woods

Golf club head “forgiveness” generally describes the abil-
ity of a club head to deliver a desirable golf ball trajectory
despite a mis-hit. As described above, large mass moments of
inertia contribute to the overall forgiveness of a golf club
head. In addition, a low center-of-gravity improves forgive-
ness for golf club heads used to strike a ball from the turf by
giving a higher launch angle and a lower spin trajectory
(which improves the distance of a fairway wood golf shot).
Providing a rearward center-of-gravity reduces the likelihood
of a slice or fade for many golfers. Accordingly, forgiveness
of fairway wood club heads, such as the club head 2, can be
improved using the techniques described above to achieve
high moments of inertia and low center-of-gravity compared
to conventional fairway wood golf club heads. For example, a
club head 2 with a crown thickness less than about 0.65 mm
throughout at least about 70% of the crown can provide sig-
nificant discretionary mass. A 0.60 mm thick crown can pro-
vide as much as about 8 grams of discretionary mass com-
pared to a 0.80 mm thick crown. The large discretionary mass
can be distributed to improve the mass moments of inertia and
desirably locate the club head center-of-gravity. Generally,
discretionary mass should be located sole-ward rather than
crown-ward to maintain a low center-of-gravity, and rearward
rather than forward to maintain a rearwardly positioned cen-
ter-of-gravity. In addition, discretionary mass should be
located far from the center-of-gravity and near the perimeter
of the club head to maintain high mass moments of inertia.

For example, a comparatively forgiving golf club head 2
for a fairway wood can combine an overall club head height
(H,,,) of less than about 46 mm and an above ground center-
of-gravity location, Zup, less than about 19 mm. Some
examples of the club head 2 provide an above ground center-
of-gravity location, Zup, less than about 16 mm.

In addition, a thin crown 12 as described above provides
sufficient discretionary mass to allow the club head 2 to have
a volume less than about 240 cm? and/or a front to back depth
(D) greater than about 85 mm. Without a thin crown 12, a
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similarly sized golf club head would either be overweight or
would have an undesirably located center-of-gravity because
less discretionary mass would be available to tune the CG
location.

In addition, discretionary mass can be distributed to pro-
vide a mass moment of inertia about the CG z-axis 85, 1,
greater than about 300 kg-mm? In some instances, the mass
moment of inertia about the CG z-axis 85, I, can be greater
than about 320 kg-mm?, such as greater than about 340 kg-
mm? or greater than about 360 kg-mm? Distribution of the
discretionary mass can also provide a mass moment of inertia
about the CG x-axis 90, I _, greater than about 150 kg-mm? In
some instances, the mass moment of inertia about the CG
x-axis 85, 1, can be greater than about 170 kg-mm?, such as
greater than about 190 kg-mm?>.

Alternatively, some examples of a forgiving club head 2
combine an above ground center-of-gravity location, Zup,
less than about 19 mm and a high moment of inertia about the
CG z-axis 85, L. In such club heads, the moment of inertia
about the CG z-axis 85, I_, specified in units of kg-mm?,
together with the above ground center-of-gravity location,
Zup, specified in units of millimeters (mm), can satisty the
relationship

1213-Zup+105.

Alternatively, some forgiving fairway wood club heads
have a moment of inertia about the CG z-axis 85,1, and a
moment of inertia about the CG x-axis 90, 1, specified in
units of kg-mm?>, together with an above ground center-of-
gravity location, Zup, specified in units of millimeters, that

satisfy the relationship

I +L,220-Zup+165.

As another alternative, a forgiving fairway wood club head
can have a moment of inertia about the CG x-axis, L, speci-
fied in units of kg-mm?, and, an above ground center-of-
gravity location, Zup, specified in units of millimeters, that

together satisfy the relationship

127 Zup+60.

EXAMPLES

Table 1 summarizes characteristics of two exemplary
3-wood club heads that embody one or more of the above
described aspects. In particular, the exemplary club heads
achieve desirably low centers of gravity in combination with
high mass moments of inertia.

Example 1

Club heads formed according to the Example 1 embodi-
ment are formed largely of an alloy of steel. As indicated by
Table 1 and depending on the manufacturing tolerances
achieved, the mass of club heads according to Example 1 is
between about 210 g and about 220 grams and the Zup dimen-
sion is between about 13 mm and about 17 mm. As designed,
the mass of the Example 1 design is 216.1 g and the Zup
dimension 15.2 mm. The loft is about 16 degrees, the overall
club head height is about 38 mm, and the head depth is about
87 mm. The crown is about 0.60 mm thick. The relatively
large head depth in combination with a thin and light crown
provides significant discretionary mass for redistribution to
improve forgiveness and overall playability. For example, the
resulting mass moment of inertia about the CG z-axis (Izz) is
about 325 kg-mm?®.
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Example 2

Club heads formed according to the Example 2 embodi-
ment are formed largely of an alloy of titanium. As indicated
by Table 1 and depending on the manufacturing tolerances
achieved, the mass of club heads according to Example 2 is
between about 210 g and about 220 grams and the Zup dimen-
sion is between about 13 mm and about 17 mm. As designed,
the mass of the Example 2 design is 213.8 g and the Zup
dimension 14.8 mm. The loft is about 15 degrees, the overall
club head height is about 40.9 mm, and the head depth is
about 97.4 mm. The crown is about 0.80 mm thick. The
relatively large head depth in combination with a thin and
light crown provides significant discretionary mass for redis-
tribution to improve forgiveness and overall playability. For
example, the resulting mass moment of inertia about the CG
z-axis (Izz) is about 302 kg-mm?.

Overview of Examples

Both of these examples provide improved playability com-
pared to conventional fairway woods, in part by providing
desirable combinations of low CG position, e.g., a Zup
dimension less than about 16 mm, and high moments of
inertia, e.g., I greater than about 300 kg-mm?, I__greater
than about 170 kg-mm?, and a shallow head height, e.g., less
than about 46 mm. Such examples are possible, in part,
because they incorporate an increased head depth, e.g.,
greater than about 85 mm, in combination with a thinner,
lighter crown compared to conventional fairway woods.
These features provide significant discretionary mass for
achieving desirable characteristics, such as, for example, high
moments of inertia and low CG.

TABLE 1

Summary of Examples

Exemplary

Embodiment Units Example 1 Example 2
Mass g 216.1 213.8
Volume cc 181.0 204.0
CGX mm 2.5 4.7
CGY mm 31.8 36.1
CGZ mm -3.54 -4.72
ZUp mm 15.2 14.8
Ixx kg-mm?2 179 171
Izz kg-mm?2 325 302
Loft ° 16 15
Lie ° 58.5 58.5
Bulge Radius mm 254 254
Roll Radius mm 254 254
Face Width mm 77.1 77.1
Face Height mm 263 30.6
Face Area mm?2 2006 2294
Head Height mm 38 40.9
Head Width mm 102.5 97.2
Head Depth mm 87.8 974
Face Thickness mm 2.00 2.30
Crown Thickness mm 0.60 0.80
Sole Thickness mm 1.00 2.50

In view of the many possible embodiments to which the
principles of the disclosed invention may be applied, it should
be recognized that the illustrated embodiments are only pre-
ferred examples of the invention and should not be taken as
limiting the scope of the invention. Rather, the scope of the
invention is defined by the following claims. We therefore
claim as our invention all that comes within the scope and
spirit of these claims.
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We claim:

1. A golf club head, comprising:

abody defining an interior cavity, a sole portion positioned

at a bottom portion of the golf club head, a crown portion
positioned at a top portion, and a skirt portion positioned
around a periphery between the sole and crown, the body
also having a forward portion and a rearward portion and
a maximum above ground height;

at least one weight port formed in the body to support

varying weights of at least about 0.5 gram; and

a face positioned at the forward portion of the body;

wherein:

the golfclub head has an above ground center-of-gravity
location, Zup, less than about 19 mm,

the golf club head has a center-of-gravity location as
measured along a coordinate system having an origin
located at a center of the face, the center-of-gravity
location being between about —2.0 mm and about 6.0
mm along an x-axis arranged parallel to the ground
plane and tangent to the face, the center-of-gravity
location being between about 20 mm and about 40
mm along a y-axis arranged parallel to the ground
plane and perpendicular to the x-axis, and the center-
of-gravity location being up to 0 mm along a z-axis
arranged perpendicular to both the x-axis and y-axis
wherein a positive z-axis measurement is away from
the ground plane and a negative z-axis measurement
is toward the ground plane, the z-axis origin being
situated at 0 mm,

the golf club head has a moment of inertia about a
center-of-gravity x-axis, I, greater than about 150
kg-mm?, and

the golf club head has a total mass between about 185 g
and about 245 g.

2. The golf club head of claim 1, wherein the above ground
center-of-gravity location, Zup, and the moment of inertia
about the center-of-gravity z-axis, [, specified in units of
kg-mm?, together satisfy

I.=13-Zup+105.

3. The golf club head of claim 1, wherein the moment of
inertia about the center-of-gravity z-axis, [_,, exceeds one or
more of 300 kg-mm?, 320 kg-mm?, 340 kg-mm?, and 360
kg-mm?.

4. The golf club head of claim 1, further comprising at least
one weight configured to be retained at least partially within
the at least one weight port.

5. The golf club head of claim 1, wherein the face has a loft
angle in excess of about 13 degrees.

6. The golf club head of claim 1, wherein the golf club head
has volume less than about 240 cm®.

7. The golf club head of claim 1, wherein the body is
substantially formed from a material selected from the group
of materials consisting of a steel alloy, a titanium alloy, a
graphitic composite, and a combination thereof.

8. The golf club head of claim 7, wherein the body is
substantially formed as an investment casting.

9. The golf club head of claim 1, wherein the maximum
above ground height is less than about 46 mm.

10. The golf club head of claim 1, wherein the maximum
above ground height is less than about 42 mm.

11. The golf club head of claim 1, wherein the maximum
above ground height is less than about 38 mm.

12. A golf club head, comprising:

abody defining an interior cavity, a sole portion positioned

at a bottom portion of the golf club head and having at
least an exterior surface formed of a single material, a
crown portion positioned at a top portion, and a skirt
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portion positioned around a periphery between the sole
and crown, the body also having a forward portion and a
rearward portion and a maximum above ground height;
and

a face positioned at the forward portion of the body;

wherein:

the body height is less than 46 mm,

the golf club head has an above ground center-of-gravity
location, Zup, less than about 19 mm,

the golf club head has a center-of-gravity location as
measured along a coordinate system having an origin
located at a center of the face, the center-of-gravity
location being between about —2.0 mm and about 6.0
mm along an x-axis arranged parallel to the ground
plane and tangent to the face, the center-of-gravity
location being between about 20 mm and about 40
mm along a y-axis arranged parallel to the ground
plane and perpendicular to the x-axis, and the center-
of-gravity location being up to 0 mm along a z-axis
arranged perpendicular to both the x-axis and y-axis
wherein a positive z-axis measurement is away from
the ground plane and a negative z-axis measurement
is toward the ground plane, the z-axis origin being
situated at 0 mm,

the golf club head has a moment of inertia about a
center-of-gravity x-axis, 1., greater than about 150
kg-mm?, and

the golf club head has a volume between about 120 cm®
and about 240 cm>.

13. The golf club head of claim 12, wherein the above
ground center-of-gravity location, Zup, and the moment of
inertia about the center-of-gravity z-axis, 1., specified in
units of kg-mm?, together satisfy

XX

zZ3

=13 Zup+105.

14. The golf club head of claim 12, wherein the moment of
inertia about the center-of-gravity z-axis, I, exceeds 300
kg-mm?.

15. The golf club head of claim 12, wherein the moment of
inertia about the center-of-gravity z-axis, I, exceeds 360
kg-mm?.

16. The golf club head of claim 12, further comprising:

one or more weight ports formed in the body; and

at least one weight configured to be retained at least par-

tially within one of the one or more weight ports.

17. The golf club head of claim 12, wherein the face has a
loft angle in excess of about 13 degrees.

18. The golf club head of claim 12, wherein the golf club
head has a volume less than about 240 cm’.

19. The golf club head of claim 12, wherein the body is
substantially formed from a material selected from the group
of materials consisting of a steel alloy, a titanium alloy, a
graphitic composite, and a combination thereof.

16
20. The golf club head of claim 19, wherein the body is
substantially formed as an investment casting.
21. The golf club head of claim 12, wherein the maximum
height is less than about 42 mm.
5 22. The golf club head of claim 12, wherein the maximum
height is less than about 38 mm.
23. A golf club head, comprising:
abody defining an interior cavity, a sole portion positioned
at a bottom portion of the golf club head, a crown portion
positioned at a top portion, and a skirt portion positioned
around a periphery between the sole and crown, the body
also having a forward portion and a rearward portion and
a maximum above ground height; and
a face positioned at the forward portion of the body;
wherein:
the body height is less than about 46 mm,
the face has a loft angle less than about 28 degrees,
the golfclub head has an above ground center-of-gravity
location, Zup, less than about 19 mm, and a moment
of inertia about a center-of-gravity z-axis, I_, that
together satisfy,

15

20

zZ3

1,213-Zup+105,

» the golf club head has a center-of-gravity location as

measured along a coordinate system having an origin
located at a center of the face, the center-of-gravity
location being between about —2.0 mm and about 6.0
mm along an x-axis arranged parallel to the ground
plane and tangent to the face, the center-of-gravity
location being between about 0 mm and about 40 mm
along a y-axis arranged parallel to the ground plane
and perpendicular to the x-axis, and the center-of-
gravity location being up to 0 mm along a z-axis
arranged perpendicular to both the x-axis and y-axis
wherein a positive z-axis measurement is away from
the ground plane and a negative z-axis measurement
is toward the ground plane, the z-axis origin being
situated at 0 mm,

the golf club head has a volume between about 120 cm®
and about 240 cm?, and

the golf club head has a total mass between about 185 g
and about 245 g.

24. The golf club head of claim 23, wherein the above
ground center-of-gravity location, Zup, is less than about 16
mm.

25. The golf club head of claim 23, wherein the crown has
a thickness less than about 0.65 mm over at least about 70%
of the crown.

26. The golf club head of claim 23, wherein the face has a
loft angle less than about 22 degrees.
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